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TESTING  OF  A  ’^DURA  SEAL’*  EOTAEY  SEAL 


By  T.  Ho  Maimey 


ABSTRACT 

Tests  vere  rim. to  determine  the  effectiveness  of  air  coolings  the 
operating  characteristics,,  and  the  life  expectancy  for  a  5J  ino  Dura 
Sealo  It  was  found  that  air  cooling  was  satisfactory o  The  power  con^ 
sumed  by  the  seal  was  generally  less  than  1000  watts  and.  the  leakage 
of  air  through  the  seal  less  than  0o002  Ib/sec^*.  The  rate  of  wear  of  the 
face  of  the  graphite  member  varied  consideralbly  with  conditions j  however, 
it  appeared  that  satisfactory  performance  can,  be  attained  only  in  an 
installation  where  the  seal  is  readily  accessible  and  can  be  ad justed ^ 
periodically o 

INTRODUCTION 

One  of  the  most  important  problems  encountered  in  designing  a  pump 
for  circulating  solutions  of  radioactive  materials  is  that  of  selecting 
the  shaft  seal*  Selection. of  the  proper  seal  is  important  from,  the 
standpoint  of  preventing  the  .leakage  of  radioactive  gas  or  liq^uid .  from .  the 
pump  housing  to  unoontamlnated  areas*  A  Dura  Seal  rotary  seal,, 
factured  by  the  Duramet alii c  Corporation^  of  Ka-lamazoo,  Mic.higan,9  was 
selected  as  the  seal  for  a  vertical  pump  designed  to  utilize  gas  pressure 
for  preventing  radioactive  solutions  from  entering  the  seal* 

Tie  Dura  Seal  consisted  of  a  stellite  xsember  fastened  to  a  ^  in* 
diameter  pump  shaft  and  a  stationary  graphite  member  which  surrounded 
the  shaft  and  was  sealed,  to  the  pump  housing*  A  seal  to  prevent  escape 
of  gas  from  the  housing  was  effected  by  contact  between  ground  faces  of 
stellite  and  graphite*  Standard •  Dura  Sea, Is  are  cooled  by  circulating 
water  through  the  graphite  member^  however,  i,t  was  considered. for  that 
member  to  break  in  ,  a  way  that  would  permit  the  coolant  to  dilute  the 
circulating  solution,  so  this  sea.l  was  desig.ned  for  ,  air  cooling* 

Tests  described,  in  this  .report  were  made  to  determine  the  effec¬ 
tiveness  of  a.ir  cooling,  the  operating  characteristics,  and  the  life 
expectancy  of  the  5i’  O’!?"  cooled.  Dio"a  Seal.* 

EXPERIMENTAL 

A  satisfactory  pump  was  not  available  for  testing  the  Dura  Seal, 
so  apparatus  was  assembled,  as  shown,  in  Figure  1,  for  obtaining  the 
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necessary  data^  The  pump  housing  vas  simulated  by  a  steel  box.  A  54 
diameter  shaft  was  mounted  between  bearings^  one  in  the  box  and  one  out¬ 
side  of  the  box;  the  seal  was  mounted  on  the  shaft  and  on,  the  box  at  the 
opening.  Air  and  vacuum  lines  were  connected  to  the  box  through  a  50 
gal.  'drumi  used  as  a  buffer  to  smooth  the  pressure  fluctuations,  and  air 
was  piped  to  cool  the  graphite  member  of  the  seal.  The  shaft  was  driven 
through  belts  ^by  a  DC  motor  to  permit  easy  adjustment  of  speed  and  deter¬ 
mination  of  power  consumed  in  the  seal.  Eotameters  and  pressuire  gauges 
were  installed  in  the  lines  for  measuring  the  flow  of  cooling  air  and 
the  seal,  leakage*  Thermometers  were  installed  in  the  air  lines^  and 
thermocouples  were , installed  in. the  graphite  insert  for  measuring  the 
temperature  of  the  seal.  Figure  2  is  a  drawing  of  the  seal  sho'&ring  the 
location  of  the  thermocouples. 

Prior  to  making  a  run ^  the  rotating  member  of  the  seal  was  adjusted 
to  a  predetermined  compression  of  the  springs  holding  the  seal  members 
in. contact.  The  motor  was  then  run  at  a  specific  speed  or  power  output* 
Seal  temperatures  and  leakage  and  cooling  air  te:Er^)eratures  and  flow  rate 
were  recorded  for  given  pressures  in  the  box. 

At  the  conclusion  of  the  initial  performance  tests  the  seal  was  re¬ 
moved^  and  the  springs  were  tested  to  determine  the  relationship  between 
the  spring  setting  and  the  force  between  the  seal  members.  The  unit 
was  reassembled^  and  long  term  tests  were  run,  during  which  time  the 
rate  of  wear  of  the  seal  was  determined  as  a  finiction  of  spring  setting 
and  box  pressure  for  a  constant  speed  of  7OO  rpm. 

PESULTS 

The-  initial  qbject  of  the  tests  was  to  determine  the  adequacy  of  air 
-cooling  for,  the  Dura  Seal.  Plotted  in  Figure  3  curves  for  the  maxi¬ 
mum  temperature '  of  the  graphite  face  as  a  fiznotion  of  the  flow  of  cooling 
air  and  the  shaft  speeds  The  data  were  taken  during  tests  when  there 
was  no  air  pressure  acting  against  the  seal  and  when  there  was  no  air 
flowing  between  the  faces.  The  spri.ng  setting  was  maintained  at  0.375 
in^  which  corresponds  to  a  force  of  I50  lbs  exerted  in  holding  the 
faces  of  the  seal  in  contact.  The  relationship  between  the  spring 
setting  and  the  force  exerted  by  the  spring’^  is  shown  in  Figure  4. 

Coolant  pressure  data  for  air  flowing  through  the  coolant  chamber  in  the 
graphite  are  plotted  in  Figure  5. 


It  was  recommended  by  Messrs  Gregory  and  Van  Blaricom^  of  the 
Durametallic  Corporation^  that  the  temperature  of  the  graphite  member,  of 
the  seal  be  kept  below  225^.  Experience  had  shown  that  trouble  could 
be  expected  with  the  neoprene  packing  in  the  rotary  member  of  the 
seal  if  that  temperature  was  exceeded.  It  is  evident  from  the  curves  in 
-Figure  3  that  a  flow  of  at  least  O.O7O  Ibs/sec  of  air  is  required  at 
shaft  speeds  greater  than.  8OO  rpm  if  the  graphite  te:mperature  is  Limited 
to  225^.  Tests  were  run  at  higher  tassperatiires  and  trouble  was  experi¬ 
enced  with  the  neoprene  packing  in  the  rotary  member  sticking  to  the  shaft. 
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As  a  result  the  rotary  member  could  not  slide  and  adjust  itself  to  maintain 
contact  between  the  stellite  and  graphite  faces.  Graphited  asbestos  and 
then  Telflon;  supplied  by  the  Durametallic  Corporation;  were  substituted  for 
the  neoprene;  and  the  Dura  Seal  was  operated  without  difficulty  at  tempera¬ 
tures  as  high  as  33^^^. 

Since  the  temperature  of  the  graphite  is  dependent  upon  the  power  con¬ 
sumed  by  the  seal  for  any  given  coolant  floW;  the  consumption  of  power  was 
measured  as  a  function  of  shaft  speed  and  spring  setting.  The  data  plotted 
in  Figure  6  show  the  power  consumed  by  the  seal  to  be  small;  generally  be¬ 
low  1000  watts.  A  decrease  in  the  power  consumption  is  indicated  as  the 
speed  is  increased  from  1000  to  1200  rpm.  It  is  tho\ight  that  this  rather 
unusual  occurrence  may  be  caused  by  the  vibrations  observed  as  the  speed  is 
increased  or  by  a  change  in  the  coefficient  of  friction  which;  for  dry  sur¬ 
faces;  has  been  found  to  decrease  with  increasing  speed. 

Changing  the  air  pressure  in  the  box  from  atmospheric  to  greater  or  less 
than  atmospheric  pressure  had  a  marked  effect  on  the  power  consumed  by  the  seal. 
For  a  specific  spring  setting  and  shaft  speed;  increasing  the  pressiore  in  the 
box  decreased  the  power  consumed;  reducing  the  pressure  below  one  atmosphere 
had  the 'Opposite  effect.  Data  for  the  relation  between  box  pressure  and  power 
consumption  for  constant  spring  settings  and  shaft  speeds  are  presented  in 
Table  1.  It  appears  that  pressure  in  the  box  acts  against  the  force  applied  by 
the  springs  and  that  reduced  pressures  increase  the  force  holding  the  gland 
faces /together .  The  effective  area  over  which  the  pressure  acts  is  calculated 
to  be  8  to  10  in^. 

Data  were  taken  dirring  one  series  of  tests  to  show  the  effect  of  box 
pressure  and  shaft  speed  on  the  quantity  of  air  leaking  through  the  seal. 

They  are  presented  in  Table  2,  The  variation  in  leakage;  in  lbs  of  air/sec ; 
with  shaft  speed  for  a  given  pressure  was  more  marked  than  the  variation 
in  leakage  with  pressure  for  a  given  shaft  speed.  This  could  be 
attributed  to  vibration  of  the  seal  at  the  higher  shaft  speeds.  Under 
operating  conditions  where  the  box  pressure  balanced  or  exceeded  the  load 
applied  by  the  springs;  leakage  increased  markedly. 

For  the  tests  reported  in  Table  2  the  leakage  varied  between  0.0005 
and  0.0020  Ibs/sec;  0.4  to  1,6  ft3/min;  at  68^F  and  1  atmosphere.  It  was 
observed  that  the  leakage  varied  considerably  from  day  to  day  unless  the 
seal  was  operated  continuously;  which  may  account  for  the  seemingly 
incongruous  results  obtained  for  leakage  under  vacuimi.  That  much  of  the 
air  leaked  through  the  packing  that  sealed  the  rotary  member  of  the  seal  to 
the  shaft  was  indicated  by  a  decrease  in  the  leakage  when  the  change  was  made 
from  graphited  asbestos  to  Teflon  packing. 

The  last  tests  run  with  the  Dura  Seal  were  those  to  determine  the  life 
expectancy.  Date  for  those  tests  are  given  in  Table  3°  running  the 
tests  the  spring  setting  was  adjusted  to  0.375  Q'h  the  start  of  each  run; 
and  no  adjustments  were  made  until  the  setting  reached  0.415  I't  was  found 
that  the  graphite  face  wore  at  rates  between  0.01  and  0.19  in. /month.  The 
stellite  face  wore  approximately  0.003  during  the  ent.ire  testing  program. 
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Table  1.  Effect  of  box  pressure  and  shaft  speed  on  power  consuaied  by 
Dura  S8al„  Spring  setting "■0,375  i°.- 


Gauge  pressiire^ 
Ibs/inr 

-l4.2 

0 

.3 

6 

9 

’  12 

15 

Watts  at 

300  rp]33. 

750 

435 

358 

233 

214 

- 

Watts  at 

600  rpm 

935 

740 

64-5 

425 

225 

*700  rpm 

129  105 

Watts  at 

800  rpm 

1000 

880 

63b 

655 

355 

170 

113 

Watts  at 

1000  rpm 

1030 

1060 

790 

860 

630 

335 

,152 

Watts  at 

1200  rpm 

1010 

970 

730 

810 

690 

610 

275 

Table  2,  Effect  of  box  pressure  and  shaft  speed  on.  air  leah^e 


tlirou^'lX’ira  Bealo 

Spring 

settl.ng'^C 

f,375  in.. 

Gauge  e  s  sure  ^ 

Ibs/in'^ 

=-l4>2- 

3 

6 

9 

12 

15 

Leakage* 'at 

300  "rpivi  ■ 

0,0013 

■o„6oo6 

O0OOO7  ' 

1 

0,0006 

Leakage  at 

600  rpm 

0,0013 

0,0009 

0,0008 

0,0006 

0,0005 

0,0007 

Leakage  at  . 

800  rpm  ' 

0,0013. 

.  ,.  o-,ooi6' 

0»ooi9 

0,0007 

0,0005 

0,0007 

Leakage  a.t  . 

1000  rpm  ; 

0,o6l4 

.0,0016 

'0,0017 

0,0020 

0,0006 

0,0007 

Leakage  at 

1200  rpm 

0,0G13, 

0,0015 

0,0018 

0,0019 

0,0019 

0,0020 

■^Ibs/sec  at  68^0 


Table  3,  Data  for  life  of  Bijra  Soal  Tests,  Shaft  speed=700  to  8OO  rpm.,  rUiitlal  spring  8ett:tng“0<,375  1 
final  spring  gotti:'ig=Oo4l5  in,  max. 
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‘The  rate  of  y'ear  varied,  considerabl^r^  but  air  leaking  between  the 
faces  of  the  seal  to  prov:i,de  lubrication  and  sorae  cooling  d,id  not  ap¬ 
pear  to  be  an  important  factor  a  The  only  sail  rsfac  tor  il^/  low  rate  of  ^ 
wear  occurred  when  the  pressure  in  the  box  was  maintained  at  15  Ibs/ih  ^ 
to  almost  balance  the  force  exerted  by  the  springs  o  Although  the  wear 
tests  were  riin  at  a  shaft  speed  of  7OO  to  800  rpm,  it  is  believed  that 
the  wear  is  proportional  to  the  power  consuioed  by  the  seal  at  speeds 
below  1000  rpm  and. that  the  rate  of  wear  at  shaft  speeds  less  than 
800  rpm  can  be  predicted  on  that  basis « 

COIfCLUSIONS 

It  can  be  concluded  from  the  tests  that  for  the  inch  Dura  Seal" 

1) .  Air  cooling  is  adequate.  Less  than  O.O7  Ib/sec  of  air  will  be 
needed  and  the  pressure  dr^op  in  the  seal  will  be  less  than  I5  Ibs/in^. 

2) 0  For  the  applicatiori.  un.d.er  consideration^  the  power  consumption 
will  be  less  than  1000  w^atts. 

3) .  Leakage  of  air  between  the  faces  of  the  seal  can  be  kept  at 
less  than  0,002  Ib/sec  and  probab.ly  at  less  than  0,.0002  Ib/sec  if 
necessary, 

4) ,  Teflon  should  be  used  as  the  shaft  packing  for  the  rotating 
member . 


5) ,  For  good  performance;,  the  shaft  speed  should  be  less  than 

1000  rpm.  I 

6)  .  Adjust:me:nt  of  the  spring  settings  will  probably  be  the  only 
maintenance  required,  by  the  seal.. 

The  life  of  ,a  Dura  Seal  is  difficult  to  estimate c  Depending  upon 
the  installation  and  operating  co.n.dltio:n.s.,  it  may  be  a  few  weeks  with 
adjustments  of  the  springs  required  every  few  days  ,  or  it  may  be  one 
or  more  years  with  spri.rig  a.dju.st.r-rjen:t  required  only  at  intervalr>  of 
several  months^  On  the  basis  of  the  presen.t  knowledge  regarding  the 
intended  applications  ,  it  seems  p;robabi.e  that  the  life  will,  not  be 
r  greater  than  six  months  and  that  it  will  be  necessary  to  adjust  the 

seal  at  least  once  each  months  If  such  a  seal  is  used;,  it  appears 
necessary  that  it  be  readihy  accessible^  so  that  the  adjustments  can. 
be  made  with  a  minimum,  of  diff  iculty , 
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COOLANT  PRESSURE  Ib/in* 


Figure  5.  Coolant  pressure  data  for  Dura  Seal. 
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SHAFT  SPEED  -  RPM 


Figure  6.  Power  consumed  by  Dura  Seal  as  a  function  rf  shaft  speed  and  spring  setting.  Box  pressure, 

01b /in.  2. 
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